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A one-step procedure for introducing double bond at
C7 -Cll position of eudesmane sesquiterpene compounds
is reported, which is important in the synthesis of a
number of natural bioactive sesquiterpenes possessing
an a,,B-unsaturated lactone moiety.
o
bond migration was isolated in 61% yield and the
compound possessing 4,5 double bond as reported
by Green et al. 7 was not found. Compound 3 was
treated by excess of LDA and HMPT at -78°C,
followed by treatment with dibromoethane at
-15°C to form the endocyclic a,,B-unsaturated
lactone 58. In our experiment, the yield was
approximately 30%. Neither a-brominated lactone
nor a-methylene lactone was detectable in the
reaction products. This fact indicated that the a-
brominated lactone 4 was probably formed, but the
spontaneous elimination of HBr was so quick that
the bromide intermediate could not be isolated.
Further investigation indicated that compound 5,
deprotected by H2S04-acetone system, was
converted to a single product based on TLC. But
this product was unstable during work-up. IH
NMR spectrum showed that the mixture consisted
of a trace of impurity and the major product 6,
together with 7 and 8 (eg. Scheme I) which were
the two equilium forms of 6. The major product 6
and its equilium forms were consistent with
literature report",
(- )-a-Santonin is a readily available natural
sesquiterpenoid lactone. Owing to its diverse
functional groups, its chemistry has been attracting
a wide-range of studies interesting for chemists I
engaged in organic synthesis. To date, nearly all
synthetic approaches are focussed on the
functional groups in ring-A of santonin and few on
the lactone ring. To our knowledge, many natural
sesquiterpenes such as D possessing the endocyclic
a,,B-unsaturated r-butyrolactone1 ring system
exhibit biological activities'. Herein our interests
are focussed on the introduction of a double bond
at the C7-C11 position of santonin.
In the present work, the endocyclic a,p double
bond of fused lactone was formed from the Experimental Section
substrates possessing trans-fused lactone ring in IR Spectra were recorded in KBr on a Nicolet
two steps". In the case of syn-fused lactone ring, FT-170SX spectrophotometer. IHNMR and
the formation of endocyclic double bond required 13CNMR spectra were recorded in CD3COCD3 or
five steps'. In our investigation, a y,5 double bond' CDCl3 on a Bruker AM-400 spectrometer with
was introduced in the lactone ring of santonin in TMS as internal standard (chemical shift in 5,
advance; this was the initial strategy for the ppm). ElMS and HRMS were recorded on an
introduction of a,p double bond in the r- Aufostec-3000 spectrometer (energy of ionizing
butyrolactone ring. Thus, 1,2-dihydrosantonin 2, electrons 70 eV). For column chromatography,
obtained by controlled hydrogenation of santonin", silica gel (200-300 mesh) and pet. ether (bp. 60-
was protected by ethylene glycol catalyzed by 90°C) were used.
TsOH to form the required product 3. Under this
acidic condition, only the product 3 with double
1,2-Dihydro-a-santonin 2. Santonin (2.0 g) in dry
benzene (l00 mL) was hydrogenated at room
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temperature in the presence of Raney nickel. After
1 hour, absorption of hydrogen ceased at 0.8
mmole. The reaction mixture was filtered.
Removal of the solvents under reduced pressure
and purification by chromatography (Pet. ether-
EtOAc, 4: 1) afford l.6 g (80%) of2.
3,3-Ethylenedioxy-4, 7a, 11~H-eudesm-5-en-
6,13-olide 3. A solution of 2 (540 mg, 2.2
mmoles), ethylene glycol (408 mg, 6.6 mmoles)
and TsOH (30 mg) in dry benzene (10 mL) was
refluxed for 10 hr. A Dean-Stark trap was utilized
for the elimination of water produced in the
reaction. The cooled reaction mixture was diluted
with benzene and washed with saturated Na2C03
solution. The aqueous phase was extracted with
benzene and the combined extracts washed with
water and dried. Removal of solvents under
reduced pressure and purification of the residue by
column chromatography using pet. ether-EtOAc
(9:1) as eluant gave 390 mg (61%) of3 as a white
solid; IR: 2978, 2939, 2875, 1790, 1708, 1054 ern
I; IHNMR (CDCI3): 3.96-3.90 (m, 4H), 3.03 (dq,
J=6.8 Hz and 2.2 Hz, IH), 2.56 (m, IH), 2.35 (m,
IH), l.99-2.11 (m, 2H), l.61-l.44 (m, 6H), l.30
(d, J=6.8 Hz, 3H), 1.19 (s, 3H), l.13 (d, J=7.5 Hz,
3H); 13C NMR (CDCI3): 177.0(s), 145.0(s),
119.7(s), 110.9,64.2,64.0,44.2,42.3, 39.7, 37.7,





292 (M+, 33), 193(65), 107 (25), 99(100), 91 (28),
79 (27), 55 (62); HRMS for C17H2404: Calcd. rnIi
292.1675. Found rnIz 292.1680.
3,3-Ethylenedioxy-4a-eudesm-5, 7(11 )-dien-6,
13-olide 5. A 0.9 M solution of BuLi in hexane
(1.1 mL, l.0 mmole) was added dropwise to a
solution of diisopropylamine (0.13 mL, 1.0
mmole) in anhydrous THF (2 mL) at -78°C, and
the mixture stirred for 30 min. Thereafter a
solution of ester 3 (100 mg, 0.3 mmole) in THF
(l.5 mL) and HMPT (2.1 mL, 12 mmoles) were
added. After stirring for 2 hr to reach -15°C, 1,2-
dibromoethane (0.25 mL, 3.3 mmoles) and HMPT
(0.5 mL, 3.3 mmoles) were added and the solution
was stirred at -15°C for 4 hr, diluted with ether
and washed twice with aqueous NH4Cl and brine in
succession. The organic solvents were removed
and the residue was chromatographed (pet. ether-
EtOAc, 9: 1) to afford 20 mg of recovered 3 and 24
mg of compound 5 (30%) as a white solid; IR:
2924, 1740, 1640, 1109, 1028 cm'; IH NMR
(CD3COCD3): 4.02-3.87 (m, 4H), 3.03 (dq, J=7.2
and 2.2 Hz, 1H), 2.72-2.64 (m, 2H), 2.13-2.04 (m,
2H), l.80 (d, J=1.6 Hz, 3H), l.75-1.49 (m, 4H),
1.28 (s, 3H};' 1.17 (d, J=7.3 Hz, 3H); 13CNMR
(CD3COCD3): 171.3(s), 148.8(s), 145.5(s),
131.1(s), 119.2(s), 110.9(s), 65.0(t), 64.6(t),
40.2(t), 38.6(d), 38.1(t), 34.9(s), 27.1(t), 25.6(q),
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19.9(t), 18.2(q), 8.2(q); ElMS: m/z 290 (M+, 63),
189(26), 119(31), 105(38), 99(100), 79(38),
67(35), 55(82); HRMS for C17H2204: Calcd. m/z
290.1518. Found m/z 290.1520.
3-Oxo-4a-eudesm-S, 7(11)-dien-6, 13-olide 6.
Compound 5 (100 mg, 0.33 mmole) was added to
a mixture of 8.0 mL of acetone and 2.0 mL 10%
H2S04 in a flask. The mixture was refluxed for 4
hr. Then aqueous NaHC03 solution was added.
After acetone was removed under reduced
pressure, the aqueous solution was extracted thrice
with ether and the combined organic layer was
washed with brine. Removal of solvent under
reduced pressure afforded a yellow solid.
Compound 5 was converted to a single product
based on TLC (per-ether, EtOAc 4: I) which. was
unstable in air.
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